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Abstract
The possible nature of the nonlinear evolution of quantum systems is explored from
the point of view of nonlocal effects under the conditions of EPR paradox. It is shown
that both stochastic and deterministic mechanisms of nonlocal evolution should consider
a quantum particle as a material field in order not to contradict special relativity. It is
assumed that there is an experiment allowing to find out which of the mechanisms of
nonlinear evolution is realized in nature.
Keywords: open system, nonlinear evolution, matter field, path integral, EPR para-
dox, continuous medium.
The existence of the nonlinear evolution of the state of an open system combined with
a non-local procedure of the wave function normalization generates a seeming possibility
of a nonlocal interaction between the remote parts of a composite quantum system in
entangled state [1]. In general, such a possibility violates basic relativistic constraints. The
inadmissibility of this violation imposes restrictions on possible physical interpretations
of mathematical objects and procedures used in quantum mechanics.
There are two types of these restrictions. The first one is based on the fact that
the nonlinear evolution equation allows us to keep these interactions local in the case of
statistical mixtures. Then, if to introduce a nonlinear stochastic term in the equation,
the nonlocal correlations of the probabilities taking place in the experiments like [2, 3, 4]
(performed by the scheme [5]) could be substantiated without contradiction with special
relativity [6, 7, 8]. This approach generates two undesirable consequences. The first one
is that the insertion of stochastic terms in fundamental equations attaches probabilities
nonepistemic character1(It is unlikely that the solution of one of the many problems that
have arisen in physics requires such a radical change in the attitude to the principle of
sufficient cause.). The second one is that possible states of the particles of a single pair
after measurement are in a deterministic correspondence between themselves regardless
of the choice of the measured quantity 2.
In addition to the described method of formal ”...peaceful coexistence between quan-
tum mechanics and relativity” [6], there is a possibility that the violation of the relativistic
requirements is farfetched and there is no problem in principle. Really, for all the varieties
of the EPR paradox, it is assumed that events in entangled subsystems are space-like
separated, although this does not follow from the formalism of quantum mechanics. Let
us consider Einstein’s statement— ”Every element of the physical reality must have a
counterpart in the physical theory”— [10] and assume that the converse statement is also
true. Then every term of the expansion for stationary states of a wave function has a
1Such a probability character in the conventional interpretation of quantum mechanics [9] is in question:
the observables are the result of the measuring process taking place with the participation of a macroscopic
apparatus. Thus, between the probabilities and the fundamental deterministic Schro¨dinger equation there is
another process the nature of which is not known reliably.
2If there are no hidden parameters and we assume a quantum particle in the form of a point-like particle,
then, this fact limits the scope of special relativity to a macroscopic level.
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physical reality. Therefore, if we follow the realistic approach that any physical quantity
(including a wave function) is the attribute of a carrying agent, we can conclude that a
quantum particle is a collection of matter fields (continuums). These continuums occupy
all space accessible3 for the particle even there, where the wave function is zero. Thus,
there is no space-like interval between the measurement on the particle A and the reduc-
tion of the particle B state (we use the conventional designations) under the conditions
of the EPR paradox4.
At the present time, it seems that any other possible interpretations of the quantum
theory that are compatible with special relativity contradict the results of the EPR ex-
periments carried out according to the Bell scheme. Thus, we have a choice between the
stochastic evolution of ensembles of point-like quantum particles and the deterministic
evolution of material fields5. This alternative has a different physical basis, which, in
principle, allows for experimental verification.
Let us consider two conventional observers A and B which can operate with a remote
apparatus measuring the quantities of the entangled composite system. Denote by A
and B the corresponding parts (subsystems) of the system. Let the composite system be
closed. Denote by q the set of the subsystem A coordinates, by x, y the coordinates sets of
the subsystem B. For eigenvalue expansion of the wave function of a closed system with
respect to the measurable quantity of the subsystem A, we have
Ψ(x, q, t0) =
∑
j
aj(x, t0)ϕj(q)
The reduced density matrix of the subsystem B before the measurement on the system
A in the form of expansion on the eigenstates of the subsystem A is
ρ(y, x, t0) =
∫
Ψ∗(y, q, t0)Ψ(x, q, t0) dq =
∫ ∑
i
a∗i (y, t0)ϕ
∗
i (q)
∑
j
aj(x, t0)ϕj(q) dq =
=
∑
i
a∗j (y, t0)aj(x, t0),
Expending this density matrix in the series on eigenstates of an observable of the subsys-
tem B (that will be measured), we obtain
ρ(y, x, t0) =
∑
i
∑
m
∑
n
b∗im(t0)bin(t0)φ
∗
m(y)φn(x)
Thus, for the elements of the reduced density matrix of the subsystem B (in the repre-
sentation of the measured quantity) before the measurements, we have
wmn =
∑
i
wimn, (1)
where
wimn = b
∗
i,m(t0)bi,n(t0).
If, after the measurement on the subsystem A, we have the result k, then, the reduced
density matrix of the subsystem B takes the form (for the approach 2):
wmn =
∑
i
wimnδik
trwi
=
wkmn
trwk
, (2)
3The accessible space is determined by the previous history of the quantum particle and the environment.
4The apparatuses are only remote from each other, quantum particles are material fields in the same region
of space.
5It will be shown below that the stochastic evolution mechanism does not allow to conserve the image of a
quantum particle in the form of a point-like object.
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where δik is the Kronecker symbol. Such a situation takes place for the deterministic
evolution of the state of a single particle B. If we have the statistical ensemble of the
particles B states and do not know which result has been obtained (denote by pk the
probabilities of the measured results), then, for the reduced density matrix we obtain
wmn =
∑
k
pk
wkmn
trwk
=
∑
k
wkmn. (3)
Expressions (2), (3) are identical for both the stochastic and deterministic6 approach to
the reduction process, but, for consistency with special relativity, both require the nonlo-
cality of quantum objects in the case if the ensemble B is not a mixture (a homogeneous
ensemble, for example). For the first time, it was proposed to create such an ensemble
by cloning the state of a single photon [11]. But according to the no-cloning theorem,
this turned out to be impossible [12]. Nevertheless, such an ensemble could result from
the simultaneous reduction of the set of particles B under the measurement performed
on the subsystem A, which is in an entangled state with each of the particles B [13].
The consequence of the realization of such an experiment is the evidence of the fact of
the quantum objects nonlocality. But it can not answer the question about the stochastic
nature of the collapse. The following experiment can do this.
Let the subsystems A and B be macroscopic. Let the evolution of the coherent state
corresponding to one of the system’s (A+B) degrees of freedom be described by a wave
function7. If the subsystem A is affected by an external coherent influence8 nonlinearly
transforming its state, then, in accordance with the deterministic evolution law [1], the
state of the subsystem B transforms simultaneously. Since both the system and the sub-
systems are macroscopic, these changes are not random and can be detected definitely9.
If a nonlinear evolution is random, this effect does not exist.
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